Background: Hypothyroidism has been associated with impaired urinary concentrating ability. However, previous reports on thyroid hormone and urinary concentrating ability in humans only studied a limited number of patients with autoimmune thyroid disease or used healthy controls instead of paired analysis within the same patients. Objective: To study the urinary concentrating ability in athyreotic patients with differentiated thyroid cancer on and off levothyroxine treatment as they are exposed to different thyroid states as part of their treatment in the absence of an autoimmune disease. Design and Methods: We studied 9 patients (mean age of 42.7 years) during severe hypothyroid state (withdrawal of levothyroxine before radioactive iodine therapy) and TSH-suppressed state (on levothyroxine therapy). At these two points, serum and urine samples were collected after 14 h of overnight fasting without any food or drink. Results: Serum and urine osmolality were not significantly different between on and off levothyroxine treatment. Serum creatinine levels were significantly higher in patients off versus on levothyroxine treatment (87.0 vs. 71.0 µmol/L, respectively; p = 0.044) and, correspondingly, the estimated glomerular filtration rate was significantly lower (89.6 vs. 93.1 mL/min, respectively; p = 0.038). Conclusion: Short-term, severe hypothyroidism has no effect on urinary concentrating ability. Our study confirms the well-known effects of thyroid hormone on serum creatinine concentrations.
Introduction
Thyroid hormone (TH) is indispensable for the metabolism of all tissues. The importance of TH in normal physiology is well illustrated by primary thyroid diseases in which abnormal TH concentrations affect the function of several organs resulting in a variety of clinical symptoms [1] .
The ability to conserve water during periods of water deprivation is an important function of the kidney. Fluid deprivation increases serum osmolality and thereby causes a release of the antidiuretic hormone (arginine vasopressin [AVP] ). In turn, in the principal cells of the collecting duct, vasopressin inserts preformed vesicles with the water channel aquaporin-2 into the Eur Thyroid J 2017;6:238-242 DOI: 10.1159/000478521 apical plasma membrane to allow water reabsorption [2] . The counter-current mechanism creates the osmotic driving force for water reabsorption in the collecting duct.
Hypothyroidism has been associated with impaired urinary concentrating capacity in animals and humans [3] [4] [5] [6] . Short-term hypothyroidism in rats results in a diminished medullary osmotic driving force for passive water movement across the collecting duct. This was associated with a significant decrease in the medullary sodium potassium chloride cotransporter type 2 (NKCC2) [4] . The impaired maximal urinary concentrating capacity in these rats with moderate hypothyroidism was readily reversed with TH replacement. On the other hand, longterm hypothyroidism in rats resulted in an impaired urine dilution capacity after water loading as a result of the nonosmotic release of vasopressin [3] . This defect was reversed by administering a vasopressin receptor antagonist.
Only a few studies on the urinary concentrating defect in hypothyroidism have been performed in patients with autoimmune thyroid disease [5, 6] . A small study (n = 4) of patients with hypothyroidism revealed a urinary concentrating defect after 16 h of water deprivation [5] . After adequate treatment with levothyroxine (LT4), this defect was corrected. Another study found similar defects in myxedema patients (n = 10) compared to healthy control subjects (n = 15) after 16 h of water restriction [6] . Treatment of a small group of these patients (n = 3) showed no improvement in urinary concentrating capacity. These studies on TH and urinary concentrating ability in humans only studied a very limited number of patients [5] or used healthy controls instead of paired analysis within the same patients [6] . Furthermore, detailed thyroid function tests were not performed.
The aim of this study was to extend the existing studies by investigating the urinary concentration ability for the first time in athyreotic patients, before and after LT4 treatment. We therefore studied patients with differentiated thyroid cancer (DTC), since they are exposed to different thyroid states as part of their treatment in the absence of autoimmune disease. . Patients were instructed to abstain from water and food for 14 h before their outpatient visit on two different occasions. The first measurement was scheduled after 4 weeks of TH withdrawal (before RAI therapy, to stimulate radioactive iodine uptake by malignant tissues) and the second a few months after restoring euthyroidism/TSH suppression. Our primary endpoint was the difference in urine osmolality between LT4 withdrawal and treatment. Peripheral blood samples and spot urine samples were obtained from all participants.
Subjects and Methods
The Medical Ethics Committee of the Erasmus Medical Center approved the study protocol (MEC-2014-134), and written informed consent was obtained from all study participants.
Laboratory Measurements
Serum free T4 (FT4; reference range 11.0-25.0 pmol/L), total T4 (reference range 58.0-128.0 nmol/L), and total T3 (reference range 1.4-2.5 nmol/L) concentrations were measured by chemoluminescence assays (Vitros ECI Immunodiagnostic System; Ortho-Clinical Diagnostics, Rochester, MI, USA). Serum TSH (reference range 0.4-4.3 mU/L) was measured by immunometric assay (Immulite 2000 XPi, Siemens, The Hague, The Netherlands). Serum and urine osmolality were measured by OM 6050 Osmo Station from A. Menarini Diagnostic, and serum sodium, potassium, urea, creatinine, chloride and glucose concentrations were measured by Roche/Hitachi cobas c systems. The eGFR was computed automatically with the Chronic Kidney Disease Epidemiology Collaboration formula (CKD-EPI). Sodium, urea, and creatinine concentrations were also measured in urine samples by Roche/Hitachi cobas c systems.
Statistical Analysis
Based on the previous studies [5, 6] , we postulated that a study in a sample of 10 patients on and off LT4 treatment would be sufficient in size to find a significant difference in urine osmolality. Data were expressed as median with 25th and 75th percentiles. For paired analysis between patients on and off LT4 treatment the Wilcoxon signed rank test was used. We used SPSS 20.0 for Windows (SPSS, Inc., Chicago, IL, USA). The Spearman rank correlation 
Results
We included 10 patients in the study. However, one of them had started treatment with a diuretic after the first visit and was therefore excluded. Nine patients with a mean age of 42.7 years (range 24-57 years) were analyzed ( Table 1) . As expected, thyroid function tests were significantly different on and off LT4 treatment (Table 2) , reaching very low levels of FT4 (median 1.7 pmol/L) off LT4. Serum creatinine levels were significantly higher (87.0 vs. 71.0 µmol/L; p = 0.044) and the eGFR was significantly lower in the hypothyroid state than in the LT4-treated state (89.6 vs. 93.1 mL/min, respectively; p = 0.038). Serum glucose levels were significantly lower during hypothyroidism (4.8 vs. 5.3 mmol/L; p = 0.011). Serum sodium and chloride levels were significantly higher during LT4 treatment than during hypothyroidism (143 vs. 141 mmol/L; p = 0.011 and 104.0 vs. 99.0 mmol/L; p = 0.007, respectively), while serum osmolality remained similar (287.0 on LT4 vs. 282.0 mosm/kg off LT4; p = 0.09). Table 3 shows that urinary osmolality was not significantly different between patients on and off LT4 treatment (765.0 vs. 630.0 mosm/kg, respectively; p = 0.17). Figure 1 shows the changes in urinary osmolality within each patient. There was also no significant difference in sodium, urea, and creatinine levels in the urine samples. There was no correlation between urinary osmolality and age, TSH, FT4, total T4, and total T3 levels neither during hypothyroidism nor during LT4 treatment (data not shown). 
Discussion
In this prospective study in athyreotic DTC patients there was neither a significant difference in urine osmolality nor in serum osmolality on and off LT4 treatment after a water and food deprivation test of 14 h. Since we could not detect an impairment of urinary concentrating ability during severe hypothyroidism in our patients, we did not assess AVP and copeptin concentrations, a stable preprohormone of AVP. Our findings are in contrast with previously published studies in rats [4] and humans [5, 6] . In these previous studies on urinary concentrating ability in humans, detailed thyroid function tests were not performed. The severity of hypothyroidism was predominantly based on clinical characteristics, which is not very precise [7] . In the current study, we confirmed severe hypothyroidism biochemically with a median TSH level of 68 mU/L, and correspondingly low levels of FT4, total T4, and T3. Whereas previous studies were performed in patients with prolonged signs of hypothyroidism (i.e., myxedema), hypothyroidism was present in the current study only for 4 weeks. Although we cannot exclude that there would have been an impaired urinary concentrating ability after prolonged hypothyroidism, the current study excludes important acute consequences of altered thyroid hormone status.
Another speculative explanation for our findings could be that our patients were treated with relatively high dosages of LT4 to establish TSH suppression (median TSH concentration of 0.049 mU/L) because of their thyroid cancer. Although our patients were not overtly thyreotoxic, high TH levels are associated with a hyperdynamic circulation including increased cardiac output and blood pressure and decreased systemic vascular peripheral resistance [8] . These systemic hemodynamic alterations are known to be associated with increased renal hemodynamics and urine flow, which might have decreased the urine osmolality in our LT4-treated patients [9] . This mechanism is supported by Wang et al. [10] , who observed in hyperthyroid rats a significant increase in solute excretion in the presence of an AVP-independent downregulation of aquaporin water channels. In healthy human subjects, water deprivation causes the plasma osmolality to rise above 280-290 mosm/kg, which leads to the release of AVP into the circulation. This results in increased water retention with a rise in urine osmolality to a maximum of 1,000-1,200 mosm/kg and restoration of plasma osmolality toward the reference range [11] . Since the median urine osmolality was lower than 1,000 mosm/kg in both thyroid states in our patients, it could be speculated that there was a concentrating defect in both thyroid states, and we were therefore not able to find a statistically significant difference in urine osmolality.
Serum creatinine levels were significantly higher in our patients during hypothyroidism than during LT4 treatment and, correspondingly, eGFR was significantly lower during hypothyroidism. This is in line with several case reports and case series [12] [13] [14] . Previous detailed studies have shown that the changes in serum creatinine reflect actual changes in GFR instead of alterations in creatinine metabolism [15] [16] [17] .
A limitation of our study is the small number of patients, which is a consequence of the steadily growing number of DTC patients that are treated with RAI after preparation with recombinant TSH instead of LT4 withdrawal [18] . A second limitation is the low-iodine diet which patients had to adhere to in order to increase the effectiveness of RAI treatment. Although this diet is different from a "low-sodium" diet, any foods containing iodized salt and sea salt were not allowed [19] . Therefore, we cannot exclude that this diet might have influenced the sodium and chloride levels and hence osmolality in our patients during hypothyroidism. Indeed, the significantly lower serum sodium (without development of hyponatremia) and chloride levels and the decreased urinary sodium/creatinine ratio off LT4 therapy, thus during the low-iodine diet, support this notion. Similar results have been reported by Vannucci et al. [20] , who also showed significantly lower serum sodium levels off LT4 prior to ablative RAI treatment without any correlation between serum TSH and sodium levels, suggesting that the reduction in sodium levels is unrelated to the hypo- thyroid status. Finally, our study had an outpatient design which precludes strict control of adherence to the water deprivation protocol. However, in general, an anticipated adequate serum osmolality was observed, indicating adequate water deprivation.
In conclusion, although previous studies have shown an impaired urinary concentrating ability in patients with myxedema, we did not find any evidence for impaired urinary concentrating ability in patients with short-term but severe hypothyroidism.
Disclosure Statement
No competing financial interests exist.
